Pavlica Z., V. Erjavec, M. Petelin: Teeth Abnormalities in the Dog. Acta Vet. Brno, 2001, 70: 65-72. Teeth abnormalities can be genetically induced by disturbances in the differentiation of the dental lamina and the tooth buds, and are relatively common in dogs, especially in purebred and line-bred dogs in which the genetic fault has been perpetuated. They are most common in smallbreed dogs but occur in large breeds, too. The aim of our study was to investigate permanent tooth anomalies in dogs. In 627 dogs referred for dental treatment we observed the presence of hypodontia, impacted teeth, hyperdontia, supernumerary and hyponumerary roots, focal macrodontia, focal microdontia, gemination, concrescence, fusion, dilaceration and enamel pearls. Teeth anomalies were detected in 288 (45.93%) dogs of different skull shape. The most common anomalies in the observed population were dilaceration of the root with 99 (34.4%) third lower and upper incisors, fourth lower and upper premolars and first lower and upper molars involved and hypodontia with 93 (32.3%) first and second lower and upper premolars, and third lower molars involved. The proportion of an uncommon anomaly, such as fusion, was statistically significant (p < 0.01) for second lower and upper premolars 34 (11.8%) and lower and upper molars. 22 (7.6%) dogs had hyperodontia. The most affected teeth were the second lower and upper incisors. In 18 (6.3%) dogs we observed supernumerary roots. Hyponumerary roots, macro-and microdontia, gemination, concrescence and enamel pearls were found in less than 3 % of presented dogs. Because of this close relationship between normocclusion and periodontal health, early identification of anomalies of the teeth can allow the veterinary dentist to follow the patient and plan the treatment at an appropriate time.
Generally this is an acquired condition but it can be genetic. Impaction can be caused by trauma or simply because of the abnormal tooth position in the alveolus (Skrabalak 1993) . In all breeds the supernumerary teeth or hyperdontia can occur in primary and/or permanent dentition, but it is more prevalent in the permanent dentition. Supernumerary teeth in the dentition most probably result from continued proliferation of the permanent or primary dental lamina to form a third tooth germ. It can also be caused by disturbances during tooth development (Dole and Spurgeon 1997) . Accessory or supernumerary roots can be seen in dogs. Most commonly involved are the upper second (9%) and third premolars (10%). They are rarely found in upper and lower anterior teeth (Regizi and Sciubba 1993) . Sometimes hyponumerary roots can be seen in second lower premolars, second and fourth upper premolars, where the most commonly missing root is palatal root and in second lower and upper molars (Wiggs and Lobprise 1997) .
Variation in tooth size may be exhibited as macrodontia. It is the condition where the crown of the tooth is oversized but the root and pulp cavities are near normal (Wiggs and Lobprise 1997) . This may be absolute, as seen in pituitary gigantism, or it may be relative owing to a disproportionately small maxilla and mandibula (Reg izi and Sciubba 1993) . The latter results in teeth crowding and possibly an abnormal eruption pattern suggest an insufficient arch space. Focal or localised macrodontia refers to an abnormally large tooth or group of teeth (Verstraete 1999) . Microdontia refers to a tooth that is normal in general shape, but reduced in size. Teeth may actually be measured smaller than normal, as in pituitary dwarfism, or they may be relatively small in comparison with a large mandibula and maxilla. Focal or localised microdontia refers to a single tooth that is smaller than normal. The shape of these microdonts is often altered with the reduced size and of simple conical shape (Wiggs and Lobprise 1997) .
Teeth vary greatly in shape. Morphological anomalies of developmental origin include: gemination, concrescence, fusion, dilaceration, dens invaginatus, dens evaginatus, taurodontism and enamel pearls (Pindborg 1970; Schroeder 1991; Regizi and Sciubba 1993) . Gemination is defined as an incomplete development of two teeth from one enamel organ. This results in a structure with two completely or incompletely separated crowns with a single root and root canal. Occasionally we see complete cleavage or twinning. Gemination is seen in the deciduous as well as in the permanent dentition (Regizi and Sciubba 1993) . Fusion is the joining of two tooth germs, resulting in a single large tooth. Fusion may involve the entire length of the tooth, or only the roots, depending on the stage of development of the tooth at the time of the union. The root canal can be shared or separated. The aetiology of gemination and fusion is unknown, but trauma has been suggested as a possible cause. Fusion is seen in the deciduous as well as in the permanent dentition (Ravn 1971) . It may be difficult or even impossible to differentiate fusion of a normal tooth and an adjacent supernumerary tooth from gemination (Verstraete 1999) . Concrescence is the fusion of adjacent already formed teeth by cementum. It may take place before or after eruption. It is a form of fusion, where the teeth are united by cementum only. It is thought to arise from trauma or crowding of teeth (Verstraete 1999) . Dilaceration refers to a sharp bend, curve or angulation in the root or crown of a tooth. The cause is usually acute mechanical trauma during the development of the tooth. The curve or bend may occur anywhere along the length of the tooth. Hereditary factors are supposed to be involved only in a small number of dogs.
An enamel pearl or drop is a small, focal excessive mass of enamel on the surface of the tooth. It occurs most frequently in the bifurcation or trifurcation of the tooth. Occasionally the enamel pearl is supported by dentin, very rarely a pulp horn extends into it (Wiggs and Lobprise 1997) .
The aim of this study was to detect the frequency of developmental disorders of teeth in dogs and to find correlations between different shapes of the skull and anomalies of individual teeth. In addition, the clinical importance of different tooth developmental disorders will be discussed for each dental disorder.
Materials and Methods
Clinical procedures and groups of anomalies A total of 627 dogs referred for dental treatment at the Veterinary Faculty -Clinic for Small Animal Medicine and Surgery in Ljubljana between January 1999 and March 2000 were included in the study. After induction of general anaesthesia radiograph images were taken. A standardised system was used for radiographic positioning, views, and technique. Standard dental radiograph unit, and intraoral dental film, sizes 0, 2 and 4 were used. Dental examination and periodontal charting was performed with a dental explorer and periodontal probe.
After completed dental treatment of each dog, the clinical and radiographic findings were compared. Unexpected clinical and especially radiographic findings were found in 288 dogs (45.93%) of the 627 examined animals. Anomalies in the number of teeth and roots were divided as follows: hypodontia, impacted tooth, hyperdontia, supernumerary and hyponumerary roots. Anomalies in size and shape of the teeth were defined as follows: focal macrodontia, focal microdontia, gemination, concrescence, fusion, dilaceration and enamel pearls.
The sample of teeth was assigned to eleven groups as follows: 
Statistical analysis
The cohort of dogs referred for dental treatment was evaluated for the presence or absence of different dental anomalies as described above. Statistical analysis was done of 288 dogs with dental anomalies. Statistical Package for Social Sciences (SPSS) program was used to evaluate the results. Results are presented as χ 2 -test of homogenity. Exact calculation of tail probabilities was used to compare the value of dental anomalies by teeth and dogs of the different shape of the skull. A level of p < 0.05 was chosen for statistical significance.
Results
Incidence of teeth anomalies by groups of teeth is presented in Table 1 . Hypodontia was detected in 93 teeth situated in 3 first lower and upper first incisors, 1 third lower or upper incisor, 22 first lower and upper premolars, 22 second lower and upper premolars, 1 third lower or upper premolar, 5 fourth lower and upper premolars, 12 second lower and upper molars and 27 third lower molars. Significantly higher incidence was found in group 5 (χ 2 = 8.6), 6 (χ 2 = 4.7) and 11 of the teeth (χ 2 = 27). Six impacted teeth were detected, and this anomaly included 2 central lower and upper incisors, 3 first lower and upper premolars and 1 third lower molar. Significantly higher incidence was found in group 1 (χ 2 = 16.2) and 6 (χ 2 = 6.1).
Hyperdontia was detected in 22 teeth, namely, 2 in central lower and upper incisors, 5 in second lower and upper incisors, 2 in third upper incisors (Plate XI, Fig.1 ), 3 in first lower and upper premolars, 3 in third lower and upper premolars, 2 in second lower and upper molars, and 5 in third lower molars. Significantly higher incidence was found in group 2 of the teeth (χ 2 = 22.1).
Supernumerary root was detected in 18 teeth. This anomaly included 6 first lower and upper premolars, 8 third lower and upper premolars, 3 fourth lower and upper premolars and 1 second lower or upper molar. Significantly higher incidence was found in the fifth (χ 2 = 5.9) and in a seventh group of the teeth (χ 2 = 43.2). Hyponumerary root was detected in 8 teeth. Anomaly included 2 second lower and upper premolars, 2 fourth lower and upper premolars and 4 second lower and upper molars. Significantly higher incidence was found in the tenth group of the teeth (χ 2 = 4.8). Only one second and one-third upper incisor with microdontia were detected. Macrodontia was detected only in one second upper incisor. Dilacerations were detected in 99 teeth, 2 in first lower and upper incisors, 2 in second lower and upper incisors, 9 in third lower and upper incisors, 5 in second lower and upper premolars, 2 in third lower and upper premolars, 21 in fourth lower and upper premolars, 37 in first lower and upper molars, and 21 in second lower and upper molars. Statistical significance was found in third (χ 2 = 5.8), in eight (χ 2 = 8.3) and in ninth group of the teeth (χ 2 = 41.5).
Only one second upper incisor with gemination was detected (Plate XI, Fig. 2 ). Concrescence was detected in 3 lower and upper canines (Plate XII, Fig. 3 ). Fusion was detected in 34 teeth, 15 in second lower and upper premolars, 4 in third lower and upper premolars, 1 in fourth lower or upper premolar, 2 on first lower and upper molars, and 12 in second lower and upper molars. Statistical significance was determined in sixth (χ 2 = 19.2), and tenth (χ 2 = 5.7) group of the teeth. Enamel pearl was detected in one first lower molar (Plate XII, Fig. 4 ). Table 2 represents anomalies observed in five different groups of dogs. 93 (32.3%) dogs had a hypodontia. Two way χ 2 analysis (anomaly v.s. group of shape of the skull of the dog) indicates a significant difference (χ 2 = 4.5) in large dolichocephalic breeds. Impacted teeth appeared in 6 dogs. Hyperodontia was presented in 22 dogs. Statistically significant values were observed in large mesaticephalic breeds (χ 2 = 5.8) and in large brachycephalic breeds Table 1 Incidence of the anomalies in the different groups of the teeth Table 2 Percentage of observed anomalies according to different skull shape in dogs 1 group of first lower and upper incisors 2 group of second lower and upper incisors 3 group of third lower and upper incisors 4 group of lower and upper canines 5 group of first lower and upper premolars 6 group of second lower and upper premolars 7 group of third lower and upper premolars 8 group of fourth lower and upper premolars 9 group of first lower and upper molars 10 group of second lower and upper molars 11 group of third lower molars * significant at p < 0.05 1 large mesaticephalic breeds 2 small mesaticephalic breeds 3 large brachycephalic breeds 4 small brachycephalic breeds 5 large dolichocephalic breeds * significant at p < 0.05
Anomalies
Groups (χ 2 = 32.2). 18 dogs had a supernumerary root, but the χ 2 analysis was not significant for any of group of dogs. 8 dogs had a hyponumerary root, but the χ 2 analysis was not significant for any of group. Microdontia was observed only in 2 dogs. One case of macrodontia and one of gemination was observed in a Boxer, which presents the large brachycephalic breed.
Ninety nine dogs had a dilaceration of the root, but the χ 2 analysis was not significant for any of group of dogs. Concrescence was presented in 3 dogs of large mesaticephalic breeds. Thirty-four dogs had the fusion of the roots, but the χ 2 analysis was not significant. One German Shepherd as a large mesaticephalic breed had enamel pearls.
Discussion
The dog probably suffers from more hereditary dental abnormalities than any other animal, because of the difference in size and shape of breeds as well as from intensive and sometimes indiscriminate inbreeding (Kertesz 1993) . Just like a foetus in utero, the forming tooth is very susceptible to various influences during periods of rapid growth and change (Wiggs and Lobprise 1997) . Developmental dental disorders can be genetically induced by abnormalities in the differentiation of the dental lamina and the tooth buds. They may result in anomalies in the number, size and shape of the teeth (Schroeder 1991) .
Our data clearly established the frequencies of the developmental disorders of teeth in 288 of the 627 dogs referred for a routine dental treatment. According to Thongudomporn and Freer (1998) , hereditary factors are often involved in hypodontia, but the teeth can also be missing as a result of disturbances during initial development. Differentiation between possible hereditary and proven traumatic causes is important for breeding dogs. The prevalence of hypodontia (32.3%) was found in 288 out of 627 examined dogs. This was significantly higher for large dolichocephalic breeds, and considerably higher than the prevalence reported by some other studies (Harvey and Emily 1993; Wiggs and Lobprise 1997; Dole and Spurgeon 1998) . The third lower molars were the teeth most frequently missing followed by the first lower and upper premolars, and the second lower and upper premolars. Generally an impacted tooth is an acquired condition. This is sometimes due to a mechanical interference and was seen in a high number in a group of Terriers (Harvey and Emily 1993; Pavlica and Cestnik 1996) . It most frequently affects the first mandibular and maxillary premolars (Reg izi and Sciubba 1993). Other premolars and canines are involved less commonly. It is rare to see impaction of incisors and molars.
In our study only 2.1% of dogs had an impacted tooth, and were found in a group of the large mesaticephalic breeds (4.3%), small mesaticephalic breeds (1.4%) and large dolichocephalic breeds (10%). Impaction of the tooth can lead to dentigerous cyst formation, with a radiolucent cyst originating from the remnant enamel organ at the neck of the tooth (Tholen and Hoft 1990) . These teeth should be removed or at least monitored on a regular basis.
The exact aetiology of supernumerary teeth remains widely unclear (Stellzig et al. 1997) . Some breeds are overrepresented e.g. Boxer, Bulldog, Rottweiller. Supernumerary incisors and premolars can, but not necessarily, have a normal shape and size. According to Dole and Spurgeon (1998) , the extra teeth appeared as the result of a mutation that caused tooth duplication, a genetic change that unintentionally has been favoured as a result of inbreeding. Approximately 90% of all supernumerary teeth are incisors and premolars or sometimes molars, which are most frequently found in the maxilla, where they appear as mesiodens and distomolars or paramolars (Pindborg 1970; Schroeder 1991; Dole and Spurgeon 1997) . A prevalence of hyperdontia (7.6%) was found in the total of 288 out of 627 examined dogs. This was statistically significant in the group of large mesaticephalic and in the group of large brachycephalic breeds (Table 2 ). It was considerably higher than the prevalence reported in some other studies (Dole and Spurgeon 1998) . Supernumerary teeth were observed directly caudal to the canine tooth, in the natural diastema, caudally to the third upper incisors as a peg lateral (Fig. 1) , or at the distal end of the arcade.
In all instances teeth were presented where there was room for full eruption without adverse effects. It is not uncommon in the Boxer to find supernumerary maxillary incisors without crowding due to their wide brachycephalic bite (Skrabalak 1993) . All these findings support the dichotomy theory of the split in the tooth bud inducing the development of supernumerary teeth. We favour this theory to that of local hyperactivity of the dental lamina. Supernumerary teeth may cause disturbances in eruption, crowding and deviation of teeth. In that case extraction needs to be considered. When these teeth do not cause clinical problems, they should not be extracted. The owner needs to be warned of the possible heritability of the disorder.
In some teeth or in some breeds supernumerary or accessory roots are so common, that they can be seen as an anatomical variation. Most commonly involved are the upper second (9%) and third premolar (10%) (Wiggs and Lobprise 1997) . They are rarely found in upper and lower anterior teeth (Ravn 1971) . The findings reported here illustrate that the third lower and upper premolars were the most frequently teeth with supernumerary roots (Table 1) , followed by the first lower and upper premolars, fourth lower and upper premolars, and the second lower and upper molars. These results are in agreement with data from Wiggs and Lobprise (1997) . Radiographic recognition of supernumerary roots is very important when endodontic treatment or extraction of the involved tooth is considered. In comparison with data reported in some other studies (Wiggs and Lobprise 1997) hyponumerary roots appeared significantly higher only in the group of the second lower and upper molars.
It is very difficult, due to differences in head and teeth shape between breeds, to objectively measure size as being too large or too small for a particular animal. Macrodontia is relatively uncommon condition, which is usually seen on central maxillary incisors. The condition is considered hereditary in humans also. In dog it is seen in Boxer (Verstraete 1999) . In the observed population of the 288 out of 627 examined dogs only one Boxer had macrodontia in place of the second upper incisor. This finding is in agreement with the reports, which had been previously described by Verstraete (1999) and DeForge (1992) . Mainly cosmetic, although a macrodont tooth might need to be extracted because of interference with comfortable occlusion.
Teeth presented in dogs with ectodermal dysplasia are often very small and of simple conical shape. Microdontia is most commonly seen palatal to the third maxillary incisor indicated as peg lateral (Wiggs and Lobprise 1997 ). An autosomal dominant inheritance pattern has been associated with this condition. Pegs lateral are of no significance, other than cosmetic appearance. We observed only one dog (a terrier) with two pegs lateral, that were palatal to the right and left third maxillary incisors. Other than aesthetic and some loss of function, it requires no treatment.
The aetiology of gemination remains widely unclear but trauma has been suggested as a possible cause in the time when the developing bud attempted to split but failed to do so completely (Rossman et al. 1985) . The actual number of teeth is not altered in this condition.
However, the structure will be generally larger than normal, which may result in tooth crowding. The condition is common in the maxillary incisors of the Boxer without crowding (Wiggs and Lobprise 1997) . In our study only one second upper incisor in one Boxer with gemination was detected (Fig. 2) .
The aetiology of a fusion is unknown, but trauma has been suggested as a possible cause. The fusion process is the result of two separate tooth buds joined at the crown by enamel and possibly dentin. There will be a reduced number of teeth, and the fused tooth will be smaller than the two separate teeth would have been, unless there is a communication of the junction groove of the two teeth that extends to or below the gingival margin. This disorder can trap food and contribute to periodontal disease (Wiggs and Lobprise 1997) . A familial tendency appears to be responsible in dogs with fused incisors due to abnormal interdental laminar growth (Harvey and Emily 1993) . A prevalence of fused teeth was found in 11.8% of the 288 out of 627 examined dogs. The χ 2 analysis was significant in the group of second lower and upper premolars and in the group of second lower and upper molars (Table 1) .
Concrescence is an uncommon tooth anomaly, with only a few cases described in the veterinary literature (Verstraete 1999) . It is thought to arise from trauma or crowding of teeth and may take place before or after eruption. This relatively uncommon condition is usually seen in lower and upper canines and lower and upper first premolars, which was detected in our study in the group of large mesaticephalic breeds only (4.3%) (Fig. 3) .
According to Wiggs and Lobprise (1997) hereditary factors of dilaceration are supposed to be involved in a small number of cases. The cause is usually injury, infection or inflammation during the development of the tooth.
A prevalence of dilaceration with 34.4% was found for the total of 288 dogs. The first lower and upper molars were the teeth with the most frequently dilacerated roots followed by the fourth lower and upper premolars and second lower and upper molars.
Aesthetics, plaque-retentive surface, problems in extracting, or when performing an endodontic procedure must be considered as a clinical evidence in case of a dilacerated root. Severely dilacerated teeth might be unable to erupt.
Appearance of enamel pearls has been described also in dogs (Rossman et al. 1985) . In our study the enamel pearl was detected on the furcation of the fourth upper premolar in one German Shepherd and on the furcation of the first lower molar in one Maltese dog (Fig. 4) . The fourth upper premolar and the first lower molar were the most commonly affected teeth. The periodontal ligament does not attach well to the tooth at the sites of enamel pearls, resulting in a long junctional epithelium within the sulcus, fenestrations and inflammation of the periodontium. An early detection should be important in prevention of periodontal disease.
Because of this close relationship between normocclusion and periodontal health we can conclude, that early identification of anomalies of the teeth can allow the veterinary dentist to investigate further and plan the treatment at the appropriate time.
Abnormality zubÛ u psÛ
Abnormality zubÛ mohou b˘t geneticky podmínûny poruchami pfii diferenciaci zubní li‰ty a zubních pupenÛ. Jsou relativnû bûÏn˘m nálezem u psÛ, zejména ãistokrevn˘ch a u psÛ z pfiíbuzenské plemenitby, kde je genetická vada fixována. Abnormality byly ãastûj‰í u mal˘ch plemen psÛ, neÏ u velk˘ch plemen.
Cílem studie bylo zjistit trvalé anomálie zubÛ u psÛ. U 627 pfiijat˘ch, dentálnû o‰etfien˘ch psÛ jsme diagnostikovali hypodoncii, vklínûn˘ zub, hyperdoncii, nadbyteãn˘ nebo nedostateãn˘ poãet kofienÛ, loÏiskovou makrodoncii a mikrodoncii, zdvojení, srÛst, fúzi, dilaceraci a poruchy perlování skloviny. Zubní anomálie s atypick˘m tvarem lebky psa byly zji‰tûny u 288 (45,93%) pacientÛ.
K nejãastûj‰ím anomáliím u sledované populace patfiila dilacerace kofiene 99 (34,4%) tfietích spodních a horních fiezákÛ, ãtvrt˘ch spodních a horních premolárÛ a prvních spodních a horních molárÛ, hypodoncie u 93 (32,3%) prvního a druhého spodního a horního premoláru a tfietích spodních molárÛ. Rozsah anomálií, bûÏnû se nevyskytujících, napfi. fúze, byla statisticky v˘znamná u druhého spodního a horního premoláru 34 ( 11,8%) a u spodních a horních molárÛ. U 22 psÛ (7,6%) jsme zjistili nadmûrn˘ poãet zubÛ. Druh˘ spodní a horní fiezák byl postiÏen nejvíce. Nadmûrn˘ poãet kofienÛ mûlo 18 psÛ (6,3%). Nedostateãn˘ poãet kofienÛ, makrodoncie a mikrodoncie, geminace, srÛst a poruchy skloviny byly popsány u ménû neÏ 3% psÛ vy‰etfiené populace. Vzhledem k úzkému vztahu mezi normookluzí a periodontálními vadami, umoÏÀuje vãasná identifikace anomálií dal‰í vy‰etfiení a léãbu v optimální dobû. 
